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(54) Honeycomb filter and exhaust gas purification apparatus 



(57) In a honeycomb filter in which a plurality of cells 
are formed by porous partition walls, and a predeter- 
mined cell whose one end portion is plugged, and a re- 
maining cell whose other end portion is plugged are al- 
ternately arranged in such a manner as to form checked 
patterns in the opposite end portions. In a section of the 
filter, a sectional area of the predetermined cell is differ- 
ent from that of the remaining cell, a value of a ratio of 
a channel hydraulic diameter of the cell having a large 
sectional area to that of the cell having a small sectional 
area is 1 .2 or more, at least a sectional shape of the cell 



having the large sectional area is a quadrangular shape 
whose portion corresponding to at least one comer por- 
tion is circular, and a value of a ratio of minimum thick- 
ness of a portion (intersection portion) in which the par- 
tition walls cross one another to a thickness of each par- 
tition wall 2 is 0.7 or more and less than 1 .3. The hon- 
eycomb filter is capable of inhibiting a fluid inflow-side 
end face (opening of an inflow-side cell) from being 
closed by particulates and the like, and maintaining high 
strength. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a honeycomb filter and an exhaust gas treatment apparatus, further partic- 
ularly to a honeycomb filter capable of inhibiting an end face on an inflow side of a fluid from being closed by particulates 
and the like and maintaining high strength, and an exhaust gas treatment apparatus having the honeycomb filter. 

10 

Description of the Related Art 

[0002] There has been an increasing necessity for removing particulates or toxic substances from an exhaust gas 
of an internal combustion engine, boiler or the like in consideration of influences on environment. Especially, there has 

*5 been a tendency that regulations on removal of particulate matters (hereinafter referred to also as "PM") discharged 
from a diesel engine have been strengthened woddwide, use of a honeycomb filter has been noted as a diesel partic- 
ulate filter (hereinafter referred to also as "DPF") for removing the PM, and various systems have been proposed. The 
DPF usually has a structure in which a plurality of cells constituting fluid channels and having square sectional shapes 
are partitioned/formed by porous partition walls, and the porous partition walls constituting the cells perform functions 

20 of filters by alternately plugging the cells. Here, the sectional shape refers to the shape of the section obtained by 
cutting the cell with a flat face vertical to a longitudinal direction. 

[0003] The DPF allows particulates-containing exhaust gas or the like to flow from one end portion, filters the par- 
ticulates by the partition walls, and discharge purified gas from the other end portion. However, there has been a 
problem that the particulates contained in the exhaust gas are deposited in one end portion (end portion on an inflow 

25 side of the exhaust gas) with the inflow of the exhaust gas to thereby close the cells. This is a phenomenon that easily 
occurs in a case where the exhaust gas contains a large amount of particulates, or in cold districts. There has been a 
problem that when the cells are closed in this manner, a pressure loss in the DPF rapidly increases. To inhibit the cells 
from being closed, it has been proposed that sectional areas of cells (inflow-side cells) opened in the end portion on 
the inflow side of the exhaust gas are set to be different from those of cells (outflow-side cells) opened in the other end 

30 portion (end portion on the outflow side of the exhaust gas). Here, the sectional area refers to the area of the section 
at a time when the cell is cut with the flat face vertical to the longitudinal direction. 

[0004] However, when the sectional area of the inflow-side cell of the honeycomb filter including the cells having 
square sectional shapes is set to be different from that of the outflow-side cell, each partition wall forming the cell 
partially thins and weakens in each portion (hereinafter referred to also as the "intersection portion") in which the 

35 partition walls cross one another. To solve this problem, post injection is performed when the PM is deposited on the 
DPF to thereby combust/remove the PM. However, in this case, there has been a problem that stress is concentrated 
on a part of the thinned intersection portion, and the part easily breaks. Here, the portion in which the partition walls 
cross one another refers to a portion belonging to both crossing partition walls in the section obtained by cutting the 
honeycomb filter with the flat face vertical to the longitudinal direction. For example, the portion refers to a square 

40 range of the intersection portion, when the partition walls linearly extending and having the equal thickness cross one 
another in the section. 

[0005] Moreover, there has been a honeycomb filter having inflow-side cells having large sectional areas and outflow- 
side cells having small sectional areas, in which the sectional shape of the cell having the large sectional area is an 
octagonal shape obtained by linearly cutting a corner portion of the square shape (e.g., see French Patent Application 
45 Laid-Open No 2789327). This octagonal shape slightly solves the state in which the intersection portion partially thins, 
but a weakness problem still remains. 

SUMMARY OF THE INVENTION 

so [0006] The present invention has been developed in consideration of the conventional technique problems, and an 
object thereof is to provide a honeycomb filter capable of inhibiting an end face (opening of an inflow-side cell) on an 
inflow side of a fluid from being closed by particulates and the like and maintaining high strength. 
[0007] According to the present invention, there is provided a honeycomb filter comprising: porous partition walls 
which partition/form a plurality of cells constituting channels of a fluid, a predetermined cell whose one end portion is 

55 opened and whose other end portion is plugged, and a remaining cell whose one end portion is plugged and whose 
other end portion is opened, the predetermined cell and the remaining cell being alternately arranged, and the honey- 
comb filter being capable of allowing the fluid that has flowed in from the one end portion in which the predetermined 
cell opens to flow out as a passed fluid into the remaining cell through the partition walls, and discharging the passed 
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fluid from the other end portion in which the remaining cell opens, wherein a sectional area of the predetermined cell 
is different from that of the remaining cell in a section cut with a flat face vertical to a longitudinal direction of the cell, 
a value of a ratio of a channel hydraulic diameter of the cell having a large sectional area to that of the cell having a 
small sectional area is 1 .2 or more, at least a sectional shape of the cell having the large sectional area is a quadrangular 
5 shape whose portion corresponding to at least one corner portion is circular, and a value of a ratio of minimum thickness 
of a portion (intersection portion) in which the partition walls cross one another to a thickness of each partition wall is 
0.7 or more and less than 1 .3. 

[0008] In the honeycomb filter of the present invention, it is preferable that the porous partition wall comprises a 
porous material composed of at least one selected from the group consisting of cordierite, silicon carbide, mullite, LAS, 
10 and alumina, as a main component. Further, in the honeycomb filter of the present invention, it is preferable that the 
partition wall carries catalyst. 

[0009] According to the present invention, there is also provided an exhaust gas treatment apparatus comprising: a 
honeycomb filter comprising, porous partition walls which partition/form a plurality of cells constituting channels of a 
fluid, a predetermined cell whose one end portion is opened and whose other end portion is plugged, and a remaining 

15 cell whose one end portion is plugged and whose other end portion is opened, the predetermined cell and the remaining 
cell being alternately arranged, and the honeycomb filter being capable of allowing the fluid that has flowed in from the 
one end portion in which the predetermined cell opens to flow out as a passed fluid into the remaining cell through the 
partition walls, and discharging the passed fluid from the other end portion in which the remaining cell opens, wherein 
a sectional area of the predetermined cell is different from that of the remaining cell in a section cut along a flat face 

20 vertical to a longitudinal direction of the cell, a value of a ratio of a channel hydraulic diameter of the cell having a large 
sectional area to that of the cell having a small sectional area is 1 .2 or more, at least a sectional shape of the cell 
having the large sectional area is a quadrangular shape whose portion corresponding to at least one corner portion is 
circular, and a value of a ratio of minimum thickness of a portion (intersection portion) in which the partition walls cross 
one another to a thickness of each partition wall is 0.7 or more and less than 1.3; and a holding portion for disposing 

25 the honeycomb filter in such a manner that exhaust gas flows in from the end portion on the side on which the cell 
having the large sectional area opens. 

[001 0] In the exhaust gas treatment apparatus of the present invention, it is preferable that the porous partition wall 
comprises a porous material composed of at least one selected from the group consisting of cordierite, silicon carbide, 
mullite, LAS, and alumina, as a main component. Additionally, in the exhaust gas treatment apparatus, it is preferable 

30 that the partition wall carries catalyst. 

[0011] According to the honeycomb filter of the present invention, the sectional area of the predetermined cell is set 
to be different from that of the remaining cell (e.g., when the predetermined cell is "the cell having the large sectional 
area", the remaining cell is "the cell having the small sectional area"), and the value of the ratio of the channel hydraulic 
diameter of the cell having the large sectional area to that of the cell having the small sectional area in the predetermined 

35 cell or the remaining cell is set to 1.2 or more. Therefore, when the fluid is allowed to flow in from the end portion on 
the opening side of the cell having the large sectional area in the predetermined cell or the remaining cell, and partic- 
ulates-containing exhaust gas is passed through the honeycomb filter, the cell opening in the end portion on the inflow 
side can be inhibited from being closed. The sectional shape of at least the cell having the large sectional area in the 
predetermined cell or the remaining cell is formed into the quadrangular shape whose portion corresponding to at least 

40 one corner portion is circular, and the value of the ratio of the minimum thickness of the portion (intersection portion) 
where the partition walls cross one another to the thickness of the partition wall is 0.7 or more and less than 1 .3. 
Accordingly, even when the sectional area of the predetermined cell is different from that of the remaining cell, the 
thickness of the partition wall forming the cell can be prevented from being partially decreased in the portion (intersection 
portion) where the partition walls cross one another, and high strength can be maintained. 

45 [0012] According to the exhaust gas treatment apparatus of the present invention, the exhaust gas flows in the 
honeycomb filter of the present invention from the end portion on the side on which the cell having the large sectional 
area opens. Therefore, in the honeycomb filter, the cell opening in the end portion on the inflow side of the fluid can 
be inhibited from being closed by the particulates or the like, and the high strength of the honeycomb filter can be 
maintained. Herein, the minimum thickness of the intersection portion in which partition walls cross one another is the 

50 minimum distance between the pairs of cells which are on opposite sides of the crossing point, e.g. the diametrically 
opposed pairs of cells in the case where four cells define the intersection portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0013] 

FIG. 1 is a sectional view schematically showing one embodiment of a honeycomb filter of the present invention, 
cut along a flat face including a center axis; 
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FIG. 2(a) is a plan view schematically showing one end face as viewed from one end portion side in one embodiment 
of the honeycomb filter of the present invention, and FIG. 2(b) is a plan view schematically showing the other end 
face as viewed from the other end portion side; 

FIG. 3(a) is a plan view schematically showing one end face as viewed from one end portion side in another 
embodiment of the honeycomb filter of the present invention, and FIG. 3(b) is a plan view schematically showing 
the other end face as viewed from the other end portion side; and 

FIG. 4(a) is a plan view schematically showing one end face as viewed from one end portion side in still another 
embodiment of the honeycomb fitter of the present invention, and FIG. 4(b) is a plan view schematically showing 
the other end face as viewed from the other end portion side. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0014] An embodiment for carrying out the present invention will be concretely described hereinafter, but the present 
invention is not limited to the following embodiment, and it should be understood that design is appropriately modified, 
15 or improved based on usual knowledge of a person skilled in the art without departing from the scope of the present 
invention. 

[001 5] FIG. 1 is a sectional view schematically showing one embodiment of a honeycomb filter of the present inven- 
tion, the honeycomb filter being cut with a flat face including a center axis. As shown in FIG. 1 , a honeycomb filter 1 
of the present embodiment comprises porous partition walls 2 which partition/form a plurality of cells 3 constituting 

20 channels of a fluid. Predetermined cells 3a whose one end portion A is opened and whose other end portion B is 
plugged by plugging portions 4, and remaining cells 3b whose one end portion A is plugged by plugging portions 5 and 
whose other end portion B is opened are alternately arranged in such a manner as to form a checkered pattern (see 
FIGS. 2(a), 2(b)) on the one end portion A side and the other end portion B side. A fluid which has flowed in from the 
one end portion A where the predetermined cells 3a open is passed through the partition walls 2, and discharged as 

25 passed fluid into the remaining cells 3b. The passed fluid can be discharged from the other end portion B in which the 
remaining cells 3b open. This is a wall flow type honeycomb filter. In FIG. 1 , arrows show a state in which the fluid flows. 
[0016] Moreover, in the honeycomb filter of the present embodiment, a sectional area of the predetermined cell 3a 
is set to be larger than that of the remaining cell 3b in a section cut with a flat face vertical to a longitudinal direction 
of the cell 3. A value of a ratio of a channel hydraulic diameter of the cell 3a having a large sectional area to that of 

30 the cell 3b having a small sectional area is 1 .2 or more. The sectional shape of the predetermined cell 3a having the 
large sectional area is a quadrangular shape whose portions corresponding to four comer portions are circular. A value 
of a ratio of thickness of the partition wall to minimum thickness of a portion (intersection portion) where the partition 
walls cross one another is 0.7 or more and less than 1 .3. Either the sectional area of the predetermined cell 3a or that 
of the remaining cell 3b may be larger. Moreover, at least the sectional shape of the cell having a larger sectional area 

35 is a quadrangular shape whose portion corresponding to the comer portion is circular. In the present embodiment, in 
the sectional shape of the predetermined cell 3a having the large sectional area, the portions corresponding to four 
comer portions are circular. In this case, the portion corresponding to at least one corner portion may be circular. The 
comer portions include a vertex and peripheral portions in a case where the sectional shape is a corresponding po- 
lygonal shape (polygonal shape formed by extending a linear portion). Here, a diameter of an inscribed circle of the 

40 cell is used as the channel hydraulic diameter. 

[0017] Thus, according to the honeycomb filter of the present embodiment, the sectional area of the predetermined 
cell 3a is set to be different from that of the remaining cell 3b (the sectional area of the predetermined cell 3a is larger 
than that of the remaining cell 3b), and the value of the ratio of the channel hydraulic diameter of the predetermined 
cell 3a having the large sectional area to that of the remaining cell 3b having the small sectional area is set to 1 .2 or 

45 more. The fluid is allowed to flow in from the end portion (one end portion) A on the side on which the predetermined 
cell 3a opens (the predetermined cell 3a having the large sectional area constitutes an inflow-side cell). Accordingly, 
when the particulates-containing exhaust gas is passed through the honeycomb filter 1 , the predetermined cell 3a 
opening in the one end portion (end portion on the inflow side) A can be inhibited from being closed. The sectional 
shape of the predetermined cell 3a having the large sectional area is formed into the quadrangular shape whose 

50 portions corresponding to four comer portions are circular. The value of the ratio of the minimum thickness of the portion 
(intersection portion) where the partition walls 2 cross one another to the thickness of the partition wall 2 is 0.7 or more 
and less than 1 .3. Accordingly, even when the sectional area of the predetermined cell 3a is increased, the thickness 
of the partition wall 2 forming the cell 3 can be prevented from being partially decreased in the portion (intersection 
portion) where the partition walls cross one another, and high strength can be maintained. 

55 [0018] FIG. 2(a) is a plan view schematically showing one end face 6 of the honeycomb filter 1 as viewed from a 
one end portion A side, and FIG. 2(b) is a plan view schematically showing the other end face 7 as viewed from the 
other end portion B side. 

[0019] As shown in FIGS. 2(a), 2(b), in the honeycomb filter 1 of the present embodiment, an opening 9a which is 
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the opening of the predetermined cell 3a, and the plugging portion 5 are alternately arranged in the end face 6, and 
an opening 9b which is the opening of the remaining cell, and the plugging portion 4 are alternately arranged in the 
end face 7. A checkered pattern is formed in each end face. An area of the predetermined cell 3a in one end face 6 is 
larger than that of the remaining cell 3b in the end face 7, and the shape of the predetermined cell 3a in the end face 

5 6 is a quadrangular whose portions P1 corresponding to four corner portions are circular. 

[0020] In the end face 6 of the honeycomb filter 1 of the present embodiment, the minimum thickness of the portion 
(intersection portion) 8 where a partition wall 2a crosses a partition wall 2b is thickness of a portion in which a distance 
between two predetermined cells 3a disposed facing each other via the intersection portion 8 is minimum. 
[0021] In the honeycomb filter 1 of the present embodiment shown in FIG. 2(a), the value of the ratio of the minimum 

10 thickness of the intersection portion 8 with respect to the thickness of the partition wall 2 is 0.7 or more and less than 
1.3. It is preferable that the value of the ratio of the minimum thickness is 0.8 or more and less than 1.2. When the 
value is set to be smaller than 0.7, the strength of the honeycomb filter 1 decreases. When the value is set to 1 .3 or 
more, a pressure loss in passing a fluid through the honeycomb filter 1 increases. 

[0022] In the honeycomb filter 1 of the present embodiment shown in FIG. 2(a), the value of the ratio of the channel 
15 hydraulic diameter of the predetermined cell 3a having the large sectional area to the channel hydraulic diameter of 
the remaining cell 3b having the small sectional area is 1 .2 or more. It is preferable that the value of the ratio of the 
channel hydraulic diameter is 1 .3 or more and less than 2.0. When the value is smaller than 1 .2, the honeycomb filter 
1 easily closes by the PM. 

[0023] In the honeycomb filter 1 of the present embodiment shown in FIG. 2(a), the sectional shape of the predeter- 
20 mined cell 3a having the large sectional area is a quadrangular shape whose portions P1 corresponding to four corner 
portions are circular. This circular shape is preferably a part of a perfect circular, but the shape may be elliptic or oblong, 
or may include another curved line. The shape is preferably smoothly connected to the portion corresponding to each 
side of the quadrangular shape. A size of the circular shape formed in the corresponding portion P1 corresponding to 
each comer portion may be equal or different The size can be determined by a balance of a stress applied to the 
25 whole honeycomb filter. 

[0024] In the honeycomb filter of the present embodiment, a porous material constituting the porous partition wall is 
not especially limited, but the partition wall preferably comprise the porous material composed of at least one selected 
from the group consisting of cordierite, silicon carbide, mullite, lithium aluminum silicate (LAS), and alumina which is 
a main component from viewpoints of strength, heat resistance, durability and the like. Here, the main component 
30 refers to a component contained in the whole material by 50 mass% or more. The component is contained further 
preferably by 70 mass% or more, and especially preferably by 80 mass% or more. 

[0025] In the honeycomb filter of the present embodiment, a catalyst is preferably carried by the partition wall. More- 
over, the catalyst is further preferably a catalyst which oxidizes PM. When carrying the catalyst, it is possible to promote 
oxidation/removal of the PM attached to the partition wails. Examples of the catalyst which oxidizes the PM include 

35 Pt, Rh, Ce and the like which belong a noble metal system. 

[0026] In the honeycomb filter of the present embodiment, materials of plugging members forming the plugging 
portions 4, 5 shown in FIGS. 2(a), 2(b) are not especially limited, and the material preferably contains, as the main 
component, at least one selected from ceramics which are examples of the porous materials constituting the partition 
walls of the above-described honeycomb filter. 

40 [0027] In the honeycomb filter of the present embodiment, the thickness of the partition wall is not especially limited. 
When the thickness of the partition wall is excessively large, the pressure loss during passing of the fluid sometimes 
increases. When the thickness is excessively small, the strength sometimes comes short. The thickness of the partition 
wall is preferably 1 00 to 1 000 u.m, further preferably 200 to 800 \im. The honeycomb filter of the present embodiment 
may have an outer peripheral wall position on an outermost periphery. It is to be noted that the outer peripheral wall 

45 is not limited to an integrally formed wall formed integrally with the honeycomb filter at a forming time, and may be a 
cement coat wall obtained by grinding and forming the outer periphery of the formed honeycomb filter into a predeter- 
mined shape, and forming the outer peripheral wall by cement or the like. 

[0028] A pore diameter of the porous partition wall constituting the honeycomb filter of the present embodiment is 
not especially limited, and can be appropriately selected in accordance with application even by a person skilled in the 
50 art. In general, a pore diameter can be selected in accordance with viscosity of the fluid to be treated, such as exhaust 
gas, or an object to be separated. For example, when the honeycomb filter is used in DPF, an average value of the 
diameter is preferably set to about 1 to 1 00 fim. 

[0029] Porosity of the porous partition wall constituting the honeycomb filter of the present embodiment is not espe- 
cially limited. For example, when the honeycomb filter is used in the DPF, the porosity is preferably 20% or more, more 
55 preferably 40% or more, further preferably 60% or more. It is to be noted that the porosity means vo!ume%, and is a 
value measured by a mercury porosimeter. 

[0030] In the honeycomb filter of the present embodiment, a cell density is preferably 6 to 93 cells/cm 2 , further pref- 
erably 10 to 78 cells/cm 2 , further preferably 15 to 62 cells /cm 2 . 
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[0031] Another embodiment of the honeycomb filter of the present invention will be described next FIG. 3(a) is a 
plan view schematically showing one end face 1 6 of a honeycomb filter 1 0 of the present embodiment as viewed from 
one end portion side, and FIG. 3(b) is a plan view schematically showing the other end face 17 as viewed from the 
other end portion side. 

5 [0032] In the honeycomb filter of the present embodiment, as shown in FIGS. 3(a), 3(b), the sectional shape of a 
predetermined cell 13a which is a cell having a larger sectional area is a quadrangular shape whose portions corre- 
sponding to four comer portions are circular, and the sectional shape of a remaining cell 13b which is a cell having a 
smaller sectional area is also a quadrangular shape whose portions P2 corresponding to four corner portions are 
circular. Thus, the sectional shapes of all the cells are quadrangular shapes whose portions corresponding to four 

10 comer portions are circular. Therefore, portions on which stress is concentrated can further be reduced, and a honey- 
comb filter having a higher strength can be obtained. 

[0033] Other constituting elements and conditions of the honeycomb filter 1 0 of the present embodiment are similar 
to those of one embodiment of the honeycomb filter of the present invention shown in FIGS. 2(a), 2(b). 
[0034] Moreover, FIGS. 4(a), 4(b) schematically show still another embodiment of a honeycomb filter of the present 
15 invention. FIG. 4(a) is a plan view schematically showing one end face 26 of a honeycomb filter 20 of the embodiment 
as viewed from one end portion side, and FIG. 4(b) is a plan view schematically showing the other end face 27 as 
viewed from the other end portion side. 

[0035] In the honeycomb filter 20 of the present embodiment, as shown in FIGS. 4(a), 4(b), a sectional shape of a 
predetermined cell 23a which is a cell having a larger sectional area is a quadrangular shape whose portions P3 

20 corresponding to four corner portions are circular. A sectional shape of a remaining cell 23b which is a cell having a 
smaller sectional area is an octagonal shape whose portions corresponding to four comer portions of a quadrangular 
shape are linearly cut. Thus, the sectional shape of the remaining cell 23b which is the cell having the smaller sectional 
area is the octagonal shape. Therefore, as compared with the honeycomb filter of one embodiment of the present 
invention shown in FIGS. 2(a), 2(b), a degree of stress concentration can be decreased, and the honeycomb filter 20 

25 having a higher strength can be obtained. 

[0036] Other constituting elements and conditions of the honeycomb filter 20 of the present embodiment are similar 
to those of one embodiment of the honeycomb filter of the present invention shown in FIGS. 2(a), 2(b). 
[0037] Next, a method of manufacturing a honeycomb filter according to one embodiment of the present invention 
will be described. The honeycomb filter of the present embodiment can be manufactured, for example, by the following 

30 method, and the method of manufacturing the honeycomb filter of the present embodiment is not limited to the following 
method. 

[0038] First, clay which is a raw material of the honeycomb filter is prepared. Preferable examples are used as raw 
materials of partition walls of the above-described honeycomb filter, and the raw materials are kneaded to thereby form 
the clay. For example, a pore former is added to silica, kaolin, talc, and alumina which are cordierite materials, further 

35 a binder, dispersant, and water are added, and the material is kneaded to thereby form the clay. The pore former may 
have a property of disappearing in a firing step, and a polymeric compound of a carbon inorganic material or a plastic 
material, an organic material such as starch and the like may be used alone or in a combined manner. The clay obtained 
in this manner is extruded and formed into a honeycomb formed article using a honeycomb structure extruding/forming 
die including slits having predetermined shapes. At this time, the extruding/forming die is structured in such a manner 

40 that, as shown in FIG. 2(a), a portion corresponding to the predetermined cell 3a having a large sectional area is a 
quadrangular shape whose portions corresponding to four comer portions are circular, and a portion corresponding to 
the remaining cell 3b having the small sectional area has a usual quadrangular shape. 

[0039] Next, the obtained honeycomb formed article is dried. As drying means, various methods may be performed. 
[0040] Next, opposite end faces of the dried honeycomb formed article are cut into predetermined lengths. 
45 [0041] Next, predetermined cells in the end face of the dried honeycomb formed article are plugged, and, as shown 
in FIGS. 3(a), 3(b), plugging portions and openings are alternately arranged in the respective end faces to form a 
checked pattern. 

[0042] Thereafter, when the article is fired, a cordierite honeycomb filter can be formed. 

[0043] Next, one embodiment of an exhaust gas treatment apparatus of the present invention will be described. The 
50 exhaust gas treatment apparatus of the present embodiment comprises: the above-described honeycomb filter of the 

present invention; and a holding portion for disposing the honeycomb filter of the present invention in such a manner 

that exhaust gas flows in from the end portion on a side on which the cell having a large sectional area opens. 

[0044] For example, when the above-described honeycomb filter shown in FIGS. 2(a), 2(b) is used, the honeycomb 

filter is held by the holding portion in such a manner as to the exhaust gas flows in from the opening 9a of the prede- 
55 termined cell 3a that is the cell having the large sectional area, and the exhaust gas is filtered by the partition walls 2a 

of the honeycomb filter, and discharged as the passed fluid from the opening 9b of the remaining cell 3b that is the cell 

having the small sectional area. 

[0045] Thus, the exhaust gas flows in from the end portion on the side on which the cell having the large sectional 
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area opens, and this can inhibit the PM from being deposited in the opening on the side on which the exhaust gas 
flows in, and inhibit the opening from being closed. 

[0046] The exhaust gas treatment apparatus of the present embodiment is installed in a channel of an exhaust 
system of exhaust gas. Moreover, the shape of the holding portion of the exhaust gas treatment apparatus of the 
5 present embodiment is not especially limited, and may be cylindrical or a cylinder shape having a polygonal section. 
As a material of the holding portion, stainless steel or the like is preferable from viewpoints such as strength, durability, 
anti-corrosion and the like. A heat-resistant cushion material or the like is preferably disposed inside a holding member 
in such a manner as to the honeycomb filter can be held without being broken. 

[0047] Thus, according to the exhaust gas treatment apparatus of the present embodiment, the exhaust gas is passed 
10 into the end portion of the above-described honeycomb filter of the present invention on the side on which the cells 
having large sectional areas open. Therefore, the cells which open in the end portion of the honeycomb filter on a fluid 
inflow side can be inhibited from being closed by particulates and the like. Moreover, the high strength of the honeycomb 
filter can be maintained. 

15 Examples 

[0048] The present invention will be described hereinafter more concretely in accordance with examples, but the 
present invention is not limited to the examples. 

20 (Examples 1 to 6, Comparative Examples 1 to 10) 

[0049] First, talc, kaolin, alumina, and silica adjusted in such a manner as to form cordierite after fired as a sample 
were blended, a pore former, binder, surfactant, and mixed water were added to the sample, and mixing/kneading was 
performed. When extruding/forming was performed, a honeycomb formed article was obtained. At an extruding/forming 
25 time, a die prepared beforehand in consideration of shrinkage or the like by drying and firing was prepared and used 
in each test standard. After drying a honeycomb structure, the same materials were used, and opposite end faces 
were plugged in such a manner as to obtain a checkered pattern. This structure was fired, and the sample of a hon- 
eycomb filter of each test standard was obtained. 

[0050] As cell structures of the honeycomb filters, two types were obtained: a cell structure having a partition wall 

30 thickness (web thickness) of 1 2 mil (0.3 mm) and a cell density (cell number) of 300 cpsi (46.5 cells/cm 2 ); and a cell 
structure having a partition wall thickness (web thickness) of 17 mil (0.43 mm) and a cell density (cell number) of 100 
cpsi (15.5 cells/cm 2 ) (see Table 1). Moreover, with respect to the honeycomb filters of examples and comparative 
examples, Table 1 shows values of channel hydraulic diameters (large and small diameters) of the cells having large 
and small sectional areas, and values (large diameter/small diameter ratios) of ratios of large diameters with respect 

35 to small diameters. All corner portions of the cell having the large sectional area are circular (R-shaped), and all corner 
portions of the cell having the small sectional area have right angles. Furthermore, Table 1 shows minimum thickness 
of an intersection portion of a partition wall of each of the respective examples and comparative examples, partition 
wall thickness, and a value (intersection portion thickness ratio) of a ratio of the minimum thickness of the intersection 
portion with respect to the thickness of the partition wall. 

40 [0051] Each obtained sample of the honeycomb filter was attached to a diesel engine, and a pressure loss at a PM 
deposition time was measured. The sample was coated with a predetermined amount of catalyst. Aftera certain amount 
of PM was deposited, PM regeneration by post injection was performed. A cycle of the PM depositing and regenerating 
was performed by a defined cycle (test cycle) (see Table 1 ), and a closed state (plugging) of the end face was confirmed. 
The ratio of the cells whose cell openings were completely closed with respect to all cells opening on an exhaust gas 

45 inflow side was 30% or more. In this case, "NG" was judged. When the ratio did not reach this degree, "OK" was judged. 
As the measurement of strength of the honeycomb filter, isostatic strength measurement was performed. 
[0052] Isostatic strength of each honeycomb filter was measured as follows: 

[0053] Firstly, both sides of the honeycomb filter were covered with a metal plate having the same diameter as that 
of the honeycomb filter, the metal plates were secured with a rubber tube having the same diameter as that of the 
50 honeycomb filter, and a rubber tape was applied to and around the rubber tubes to seal the filter against entry of water. 
Then, the thus sealed honeycomb filter was immersed in water, a water pressure was raised until the filter was broken, 
and isostatic strength (MPa) was evaluated based on the water pressure at which the filter was broken. Results are 
shown in Table 1 . 

55 
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[0054] The PM closing occurs in the end face with respect to a structure in which a large/small diameter ratio is 
smaller than 1 .2. On the other hand, when the ratio is 1 .2 or more, the structure is satisfactory without any PM closing. 
When a value (intersection portion thickness ratio) of a ratio of an intersection portion minimum web thickness to a 
web thickness is smaller than 0.7, the isostatic strength is unfavorably lower than that of a quadrangular cell shape. 
5 When the value is 0.7 or more, the isostatic strength is preferably higher than that of the quadrangular cell. Since the 
corner portion is formed into an R shape, any stress is not concentrated, and is scattered. This is supposedly why a 
satisfactory result is obtained. When the value is 1.3 or more, PM deposition pressure loss is high. In this case, a cell 
numerical aperture is lowered, and it is supposed that the pressure loss rises. 

[0055] As described above, the value or the ratio of the channel hydraulic diameter of the cell having the large 
10 sectional area with respect to that of the cell having the small sectional area is 1 .2 or more. The corner portion of at 
least the large cell has the R shape. The value of the ratio of the minimum web thickness of the intersection portion 
with respect to the web thickness is 0.7 or more and less than 1 .3. This filter is an effective filter which is superior in 
pressure loss, PM closing of the end face, and strength. 

[0056] A honeycomb filter and exhaust gas treatment apparatus of the present invention can be utilized in removing 
15 particulates or toxic materials from an exhaust gas of an internal combustion engine, boiler or the like. A superior effect 
is obtained especially in removing particulates discharged from a diesel engine. 



Claims 

20 

1. A honeycomb filter comprising: 

porous partition walls which partition/form a plurality of cells constituting channels of a fluid, 
a predetermined cell whose one end portion is opened and whose other end portion is plugged, and 
25 a remaining cell whose one end portion is plugged and whose other end portion is opened, 

the predetermined cell and the remaining cell being alternately arranged, and 

the honeycomb filter being capable of allowing the fluid that has flowed in from the one end portion in which 
the predetermined cell opens to flow out as a passed fluid into the remaining cell through the partition walls, 
and discharging the passed fluid from the other end portion in which the remaining ceil opens, 

30 

wherein a sectional area of the predetermined cell is different from that of the remaining cell in a section cut 
along a flat face vertical to a longitudinal direction of the cell, a value of a ratio of a channel hydraulic diameter of 
the cell having a large sectional area to that of the cell having a small sectional area is 1.2 or more, at least a 
sectional shape of the cell having the large sectional area is a quadrangular shape whose portion corresponding 
35 to at least one corner portion is circular, and a value of a ratio of minimum thickness of a portion (intersection 

portion) in which the partition walls cross one another to a thickness of each partition wall is 0.7 or more and less 
than 1.3. 

2. The honeycomb filter according to claim 1 , wherein the porous partition wall comprises a porous material composed 
40 of at least one selected from the group consisting of cordierite, silicon carbide, mullite, LAS, and alumina, as a 

main component. 

3. The honeycomb filter according to claim 1 , wherein the partition wall carries a catalyst. 

45 4. An exhaust gas treatment apparatus comprising: 

a honeycomb filter comprising, porous partition walls which partition/form a plurality of cells constituting chan- 
nels of a fluid, a predetermined cell whose one end portion is opened and whose other end portion is plugged, 
and a remaining cell whose one end portion is plugged and whose other end portion is opened, the predeter- 
50 mined cell and the remaining cell being alternately arranged, and the honeycomb filter being capable of al- 

lowing the fluid that has flowed in from the one end portion in which the predetermined cell opens to flow out 
as a passed fluid into the remaining cell through the partition walls, and discharging the passed fluid from the 
other end portion in which the remaining cell opens, 

55 wherein a sectional area of the predetermined cell is different from that of the remaining cell in a section cut along 

a flat face vertical to a longitudinal direction of the cell, a value of a ratio of a channel hydraulic diameter of the cell 
having a large sectional area to that of the cell having a small sectional area is 1 .2 or more, at least a sectional 
shape of the cell having the large sectional area is a quadrangular shape whose portion corresponding to at least 
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one corner portion is circular, and a value of a ratio of minimum thickness of a portion (intersection portion) in which 
the partition walls cross one another to a thickness of each partition wall is 0.7 or more and less than 1.3; and 

a holding portion for disposing the honeycomb filter in such a manner that exhaust gas flows in from the end 
portion on the side on which the cell having the large sectional area opens. 

The exhaust gas treatment apparatus according to claim 4, wherein the porous partition wall comprises a porous 
material composed of at least one selected from the group consisting of cordierite, silicon carbide, mullite, LAS, 
and alumina, as a main component. 

The exhaust gas treatment apparatus according to claim 4, wherein the partition wall carries a catalyst. 
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